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Abstract
Purpose of Review The objectives of this literature review are to appraise current approaches and assess new technologies that
have been utilized for evaluation and feedback of residents, with focus on surgical trainees.
Recent Findings In 1999, the Accreditation Council for Graduate Medical Education introduced the Milestone system as a tool
for summative evaluation. The organization allows individual program autonomy on how evaluation and feedback are performed. In the past, questionnaire evaluations and informal verbal feedback were employed. However, with the advent of
technology, they have taken a different shape in the form of crowdsourcing, mobile platforms, and simulation. Limited data is
available on new methods but studies show promise citing low cost and positive impact on resident education.
Summary No one “best approach” exists for evaluation and feedback. However, it is apparent that a multimodal approach that is
based on the ACGME Milestones can be effective and aid in guiding programs.
Keywords Formative evaluation . Summative evaluation . Feedback . Medical education . Technology . Best practices

Introduction
Assessing residents’ competency at the national board certification level relies heavily on oral and written examinations;
however, this process does not assess the ability to perform
procedures, technical skill, or interpersonal communication
style in critical situations [1]. Therefore, evaluation of performance as a clinician and technician in these areas are the
responsibility of residency programs. Evaluation describes
the determination of the value or quality of something or
someone [2]. In graduate medical education, it often refers
to the gathering of information about what the learner should
know, be able to do, or what they should work towards, and is
associated with measurements [3]. Two types of evaluation
exist, formative and summative. Formative evaluation is used
to identify areas for improvement, refine goals, and evolve
strategies for achieving them [3, 4]. Summative evaluation is
often more formal, it is used to assess whether the results of
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the object being evaluated met the stated goal, and it tends to
be more numeric and quantified [3, 4].
To build on evaluation, feedback is often utilized.
Feedback is the transmission of an evaluation or corrective
information about an action, event, or process to the original
performing source [5]. In order to have appropriate feedback,
it must be based on an accurate evaluation [3, 6]. Evaluation
and feedback are intimately related although they are separate
entities. Both are important factors in medical education as
they allow trainees to take an assessment of their performance
and learn from previous mistakes, giving them opportunity for
improvement of their clinical skills in future practice [7, 8].
The Accreditation Council for Graduate Medical Education
(ACGME) has put great emphasis on the importance of evaluation and feedback by annually surveying programs and inquiring the depth of evaluation and feedback the residents feel
they receive from their programs [7, 8].
The advent of mobile devices, live streaming, and hightech simulation models have allowed residencies, especially
surgical, to creatively evaluate things such as surgical technique and communication skills. Different technologies have
also been researched to make administering feedback more
convenient to faculty and more accessible to residents.
Currently, there is a lack of consensus regarding the best
methods of evaluation and feedback with no formal
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endorsement by educational bodies on any particular methods.
In this article, we review the current approaches as well as new
technology that have been used for evaluation and feedback of
residents, with focus on surgical trainees.

ACGME Milestones
The ACGME is a not-for-profit organization dedicated to
accrediting and setting standards for US residency and fellowship programs [9]. The organization developed the ACGME
Milestones in 1999 and they were introduced to the first seven
specialties in 2013 as a tool for evaluation. The Milestones
system provides a framework for assessing resident development in 6 core competencies, which include the following:
medical knowledge; patient care; professionalism; interpersonal and communication skills; practice-based learning and
improvement; and systems-based practice [8]. The core competencies are common across all specialty groups; however,
they are further broken down into sub-competencies that have
been tailored to address specialty-specific skills.
Milestones are arranged from level 1 to level 5; they do not
correlate to post-graduation level, but represent the progression from novice to expert in each category. There is no predetermined timing that residents must progress, as the milestones are dynamic. Although reaching level 4 is not a graduation requirement, it is suggested that residents score at level
4 in the majority of categories at the time of graduation. The
Milestone system is used to demonstrate accountability of the
effectiveness of graduate medical education within accredited
programs. The Milestones have been used as a summative
evaluation tool of residents, as it assesses if residents have
obtained a certain level of skill in each subcategory [8].
The Milestones can also be fashioned into questionnaire
format; the organization provides diagrams of how evaluation
of Milestones can be structured. Each Milestone level has a
description of what skills would qualify for that individual
level; in addition, there are responses boxes on the line in
between levels that indicate performance in between levels
[10••, 11]. Institutions can base their evaluation structures on
the examples provided by the ACGME. Studies have shown
that rotation evaluation scores using the Milestones demonstrate validity and reliability; however, evaluations must be
aggregated over time with multiple raters [12, 13, 14•, 15, 16].
The Clinical Competency Committee (CCC) of each program is required to review all residents’ progress on the core
competencies. CCCs are a required part of earning accreditation. Each CCC should be composed of at least three, actively
teaching faculty members, and the faculty should have clear
descriptions of their roles. The CCC is responsible for synthesizing resident evaluations, case volumes, and other measures
to assess resident progression on the Milestones. The CCC
can then use their assessment as a basis to provide formal
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feedback to residents on their progression. However, structuring of when meetings occur, how they synthesize performance
information, and how feedback is provided to residents is
decided by each individual committee [17••].
The ACGME suggests that educational leaders not only
evaluate residents on the Milestones for their given specialty
but also create an assessment program. The assessment program must be built so raters have a clear understanding of how
to use and complete the assessment tools. They note that there
is not a single evaluation tool or method that can encompass
all competencies, hence the interest in elucidating best practices. The importance of feedback is also emphasized by the
ACGME, as research has shown that feedback is one of the
most effective educational tools for improvement [8].
They suggest that feedback be given with the five basic
features of high-quality feedback: timeliness, specificity, balance reinforcing (positive) and corrective (negative) feedback,
learner reaction and reflection, and action plans [8, 18]. The
ACGME also gives two models that may be helpful for feedback: ADAPT (Ask-Discuss-Ask-Plan Together) model and
the R2C2 (Rapport building, explore Reaction, Explore
Content, Coach for performance change) [8, 19]. Since no
standard exists, research on the best approaches to evaluation
and feedback of surgical residents has become an increasingly
important in the medical community, particularly in consideration of the ACGME Milestones and the introduction of new
technologies.

Best Practices and Innovative Ideas
for Evaluation and Feedback
Utility of Milestone Evaluation
The implementation and utility of ACGME Milestones have
been assessed by a number of research studies. One study
looking at the implementation of the Milestones in a general
surgery program analyzed evaluations of 44 residents. They
found significant increases of Milestone scoring between most
post-graduate year (PGY) levels (p < 0.05), the interrater reliability, meaning the agreement among raters, for the total
score and 6 competency domains was very high (ICC: 0.87–
0.98 and α: 0.84–0.97). The general consensus of the cohort
was that the Milestones and CCC meetings increased opportunities for residents to reflect on their performance and increase faculty participation in the educational process [20].
Another study found a trend in increased score in the
Milestones by the level of PGY training. They compared the
traditional evaluation system (generic 16-item survey using a
5-point Likert scale ranging from 1 to 5, and a free-text comments section) to the Milestone system. Using the Milestone
system, they found the median score was 2.69 (range: 1.5–3.7,
p < 0.01); the median score differed across PGYs, and
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increased by PGY level of training (p < 0.01). The study
found no meaningful difference in median score by PGY year
in the traditional evaluation system [21].
In contrast, a study by Sebesta et al. surveyed 133 urology
program directors on their perception of the Milestone system.
They had 88 responses (66% response rate) with 48% of the
cohort answered that Milestones were very or somewhat unhelpful. The study also found that 30% of respondents felt
neutral about the use of Milestones based evaluations leading
to better resident feedback. 49% of respondents felt
Milestones were not predictive of passing board rates, and
58% of respondents felt that the Milestones were completely
or somewhat uncorrelated with in-service examination scores
[22•]. A separate study conducted over 4 years examining the
association between Milestone evaluations and American
Board of Surgery In-Training Examination Scores
(ABSITE) found that neither annual nor subset evaluation
scores were significantly associated with passing the
ABSITE (n = 102; for annual evaluation, odds ratio = 0.949;
95% CI, 0.884–1.019; p = 0.15). There was no difference in
mean evaluation score between those who passed versus
failed the ABSITE (mean [SD] evaluation score, 91.77
[5.10] versus 93.04 [4.80], respectively; p = 0.14) [23].
Of note, the ACGME is currently developing Milestones
2.0 as concerns were addressed over the existing model. The
structure of the Milestones are very similar; they will be broken up into competencies and sub-competencies that are being
developed by specialty-specific development groups [24•].
However, the language for each developmental level description will be less complex to ensure that they are clear and easy
to understand. Currently, specialties are in various stages of
development and all are expected to have initiated the revision
process by the end of 2020. The revision of the Milestone
system will provide critical improvement and long-term research will be needed to assess the revision [24•]. General
Surgery Milestones will take effect in 2020 and will reflect
the Milestone 2.0 changes, while the most recent Urology
Milestones were devised in 2016 and are currently undergoing
revision [10••, 11].

Questionnaire Based, a Chance for Summative and
Formative Feedback
Evaluation of surgical residents is primarily performed utilizing questionnaires completed by faculty. Evaluations are
based on a combination of resident knowledge and observation of procedural conduct [25]. For technical skills, tools such
as Ottawa Surgical Competency OR Evaluation (O-SCORE),
Objective Structured Assessment of Technical Skills
(OSATS), the Resident Report Card (RRC), and single-item
versus multiple-item operative performance ratings (OPRs)
have been investigated [1, 26, 27]. Most utilize survey tools,
such as Likert scales, to rate residents’ performances in cases,
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allowing surgical residents to identify areas for improvement.
Additionally, other tools have been conceptualized to assess
clinical competence and communication skills, such as The
Ottawa Clinic Assessment Tool and the Communication
Assessment Tool, respectively [28, 29]. All of these methods
represent summative evaluation tools in terms of the
numerical- or rating-based evaluations. However, many of
these platforms allow for evaluators to use comments to further elaborate what learners need more improvement on or
what steps they performed well as a form of feedback.

Simulation—an Opportunity for Summative and
Formative Evaluation
Interpersonal communication skills and professionalism are
core competencies evaluated by the Milestone system in each
specialty. Traditionally, this was accomplished by faculty observation of residents’ interactions with patients. However,
recently, standardized patients (SPs) in Mini-Clinical
Evaluation Exercises (mini-CEX) or objective structured clinical examinations (OSCE) have been utilized [30–32]. SPs in
simulation-based training (SBT) have been used to aid in the
evaluation of surgical residents in situations such as delivering
bad news, performing history and physical exam, and dealing
with cultural differences [30, 32–35].
A study by Gee et al. used SP simulation to evaluate resident management and approach to right upper quadrant pain.
They compared milestone evaluations from SPs, faculty, and
the CCC and found they did not correlate. Mean Milestone
scores from SPs were significantly higher than from faculty or
the CCC. They proposed that SP evaluations on Milestones
would not suffice alone [33]. However, they found that SP
scenarios are ideal to assess strengths and weaknesses and to
provide individualized feedback [33]. Many SP curricula have
been devised to incorporate formative and summative evaluation from SPs and faculty with the use of questionnaires, as
well as comment boxes. Additionally, curricula include the
opportunity for formal feedback and debriefing after SP exercises. Evidence has shown improvement of surgical resident
professionalism and interpersonal and communication skills
over time with institution of SP based curricula [34, 36, 37].
Additionally, studies have shown that learners report satisfaction with the exercises conducted and the feedback gleaned
from them [31, 33].
New technology has presented an opportunity to build on
SBT evaluation and feedback. Examples of advanced simulation trainers include the SimMan3G®, Cook® Medical
Ureteroscopy model, and dynamic haptic robot trainers [38,
39•, 40]. Utilization of simulation trainers aimed at the development of skills for specific procedures has become increasingly popular. Use of the new technology allows trainees to
practice and fail without harm and the opportunity to learn
from mistakes [38, 41]. SBT using validated Cook®
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Medical URS model showed a significant difference between
pre and post-task completion times (15.2 min versus 9.1 min,
p < 0.001) [39•]. Another study of urology residents demonstrated increased familiarity with indications (mean difference = + 0.59) and preparation for fusion biopsy (mean difference = + 1.16), as well as the method of MRI to TRUS image
registration (mean difference = + 1.38) with SBT [40]
Formative evaluation during SBT takes place as faculty can
directly observe and give active evaluation while the resident
is performing these tasks; additionally, it allows for timely
feedback.
Furthermore, SBT has been used to evaluate learners’ communication skills on interdisciplinary teams and their function
in high-risk situations [38, 41]. A systematic review and metaanalysis revealed that in comparison with no intervention,
simulation was associated with large effects for outcomes of
skills, behaviors, and knowledge [42]. For surgical residents
who often perform various procedures or communicate in
high-risk situations, it is evident that SBT offers many benefits. It can employ both summative and formative evaluations,
as well as provide timely feedback to residents as many of
these SBT utilize debriefing after activities from evaluators
as well as peers. However, SBT availability to surgical residents is limited by cost, equipment, and time constraints [43].

Coaching-Based Formative Evaluation and Feedback
The surgical technique is traditionally gained in the operating
room (OR); however, with modern changes in resident education, such as duty hour, concerns about decreased operative
time have arisen [44–46]. Coaching in surgery has been investigated as a tool to give learners more in-depth feedback
and advance technical skills [47••, 48]. One model developed
by Hu et al. filmed surgeons completing operations, then held
1-h coaching sessions focused on operative techniques; this is
an example of formative evaluation; the feedback was also
offered during coaching sessions. Video review was received
well by participants, especially when identifying failures to
progress during surgery or troubleshooting alternate approaches [49].
A follow-up study was performed by the same group and
compared teaching points made in the OR versus those made
in review coaching sessions with the use of independent
coders. Higher-level teaching concepts, such as intraoperative
decision-making (mean, 9.70 versus 2.77 instances per hour,
p = 0.03) and failure to progress (mean, 1.20 versus 0.13 instances per hour, p = 0.04), both forms of formative evaluation, were more frequently observed in the coaching sessions.
In regard to the quality of feedback, it was found that surgeons
asked almost 3 times more questions to prompt reflection or
critical thinking (9.30 versus 3.32, p = 0.07) and set 10 times
more goals to facilitate future practice (2.90 versus 0.28, p =
0.11) [47••]. Although studies looking at this technique are
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limited, they have shown that video-based coaching is particularly useful for individualizing formative evaluation, offering
constructive feedback, improving technical skills, and teaching higher-level concepts, such as decision-making [47••, 48,
50, 51].

Smartphone-Based
In providing feedback to the twenty-first-century trainee,
smartphones and portable devices have started to become
one platform investigated as a tool to improve efficiency and
efficacy of competency documentation. The System for
Improving and Measuring Procedural Learning (SIMPL) is a
smartphone-based tool that is capable of making real-time
intraoperative performance assessment. SIMPL includes a 3question performance assessment for both trainees and attending’s following any procedure that they perform together; additionally, attending’s can provide specific dictated feedback.
SIMPL was employed to evaluate residents in 13 general surgery residencies between 2015 and 2016. The study found that
the overall response rate was 70%, the dictation rate was 24%,
and the mean response time was 12 h. Assessments increased
from 357 (September 2015) to 1146 (February 2016) [52]. A
study by Williams et al. suggests that at least 2.3 assessments
per month are needed to provide a stable estimate of a resident’s operative performance ability. 100% (20/20) of the
most active residents exceeded the 2.3 operative performance
assessments per month benchmark [52, 53].
A follow-up study looking at value and barriers to using the
SIMPL tool, performed in 2019, found that frequent users
perceived a benefit for both numerical evaluations (76% versus 30%) and dictated feedback (92% versus 30%) compared
with low users. Faculty engagement was a major barrier to
adaptation, as 30% of faculty sampled noted they were “never
users.” Suggesting that a mechanism to increase faculty participation, such as automatic notifications, could be used to
enhance timeliness of evaluation submission [54].
SIMPL is just one of many web and smartphone-based
tools that have been studied. The Resident Report Card
(RRC) is a similar smartphone-based platform utilized to garner feedback on urology residents’ surgical skills, such as safe
conduct, efficient conduct, tissue handling. RRC allowed residents’ surgical skill progress to be charted over time with
100% of residents noting that the tool is useful [55]. Other
mobile applications studied include Quicknotes, a nameless
smartphone-based platform that was instituted at Carolina’s
Health System, and the Southern Illinois University
Operative Performance Rating Scale (OPRS) [56•, 57, 58].
All applications noted similar benefits of smartphone-based
evaluation, such as accessibility, low cost, and ability to trend
resident progression [52, 54, 55, 56•, 57, 58]. Of note, with the
use of these applications, faculty evaluation of residents resulted in residents reporting a positive impact on the feedback
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they received [52, 54, 55, 56•, 57, 58]. While evaluation and
feedback are separate entities, many studies results on this
topic suggest that sharing evaluations with residents is viewed
as a form of feedback. However, many projects had similar
limitations, such as small cohort size or issues with response
rates [56•, 57, 58].

Crowdsourcing—a Tool for Formative Evaluation and
Immediate Feedback
Crowdsourcing is an approach to problem solving where a
task is completed with input by a large number of
decentralized individuals [59]. Studies have demonstrated that
a crucial component to developing mastery of surgical technique is immediate and frequent formative evaluation and
feedback [18, 60]. With the advent of the Internet,
crowdsourcing can provide an efficient source of diverse
views on problem solving, offering formative evaluation. A
systematic review on the use of crowdsourcing in the setting
of evaluating technical skills was performed by Dai et al.
[61••]. In the 13 articles reviewed, they found that in almost
all studies, feedback was received quicker from crowds
(2.83 h–5 days) than it was from experts (26 h–60 days).
Crowds were also found to complete summative evaluations
quicker than experts (4.8–150.9 times fast) [61••].
Dai et al. found there was considerable concordance between evaluation scores from crowds and experts for almost
all tasks examined [61••]. However, poorer agreement was
found in studies that involved novice-level technicians [61••,
62, 63]. This may suggest that feedback from crowdsourcing
may be more accurate when applied to more skilled surgeons
[61••]. A comparison of pooled comments from crowds and
experts showcased discussions of similar themes regarding
techniques such as tissue handling and efficiency, offering
the technician formative evaluation. However, more research
is needed to identify how helpful these comments are to the
technician [61••]. Cost is also an important consideration; one
study found that the cost for 30 evaluations from
crowdworkers was around $16.50, while 3 surgeon evaluations ranged from $54–$108 [64]. Free technology, like
Facebook Live, live streaming through Instagram, and live
tweeting, gives crowdsourcing the potential to cost even less
than previous estimates. Although limited studies are available for analysis, crowdsourcing appears promising in terms
of delivering immediate formative evaluation and costeffective feedback for surgical residents.
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and administering feedback to residents. Evidence suggests
that a multimodal approach is ideal. In terms of technical skill
improvement, use of video-based coaching, simulation with
physiologically responsive models, and crowdsourcing are
viable options. The use of standardized patients and controlled
simulations of high-risk scenarios have aided in evaluation
and feedback of resident communication skills. Some studies
investigating new technologies are limited by small cohort
size and more research is needed to further elucidate the role
in feedback and evaluation. Nonetheless, new technology has
been met with positivity as they can offer a cost-effective
approach to evaluation and more timely feedback to learners,
in the face of a changing landscape for surgical trainees.
Evaluation and feedback are areas of growing research as
they are important to learner growth and medical education.
While evaluation and feedback are often intertwined in the
educational process, future investigations could focus on delineating the two processes. Research looking at formative and
summative evaluation tools would likely yield clarity for educational faculty desiring to implement these tools.
Accordingly, new feedback strategies should be equally transparent to allow the learner to become aware of the feedback
session and prepare them to receive the feedback.
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